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ABSTRACT: The concept of biodiesel viewed by pundits as a renewable alternative fuel to diesel engines that 
could partially or fully replace or reduce the use of petroleum diesel fuel has been gaining great importance worldwide 
for its good quality exhaust, sustainability and biodegradability. The irregularity in production output, low quality, 
wastes, and downtimes appears to be a serious production problem being faced by manufacturers of biodiesel products 
which this study seeks to address. This study seeks to analyze some factors affecting the production process of rubber 
seed oil based biodiesel using opinion discrimination analysis. The research entails the application of survey method to 
gather relevant information required to build appropriate data matrix of 31 factors that were used to craft questionnaire 
administered to 100 respondents for their expert evaluation. Rensis Likert’s 5-point attitudinal scale was used in 
dimensioning the respondent’s responses, which were recorded in descending order of rating and were captured in a 100 
× 31 data matrix and subsequently analyzed with the use of opinion discriminative analytical tool to obtain the 
discriminative powers (DP). The result of the DP-values obtained enabled us to appreciate the main factors that 
significantly influence the rubber seed oil based biodiesel production. In particular their relative influence is indicative 
of the magnitude of the DP-values. This study has revealed that the opinion discrimination analytical approach 
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Nomenclature, Symbols and Notations 
R = data matrix ∈ =  	
 
ith = element of row  jth = element of column  
aij= response of the respondents ≤ =  ℎ 	  	 
∀ = 
	  …. = quartile 1….4 
DP = discriminative power WA = weighted average 
r = Rensis Likert’s attitudinal rating  f = frequency of occurrence 
Infimum = Greatest lower bound Supremum = Least upper bound 
∑ =  summation  ⊂ = $ 	
 
 
The concept of biodiesel seen by the pundits as a 
renewable alternate fuel to diesel engines that could 
be partially or fully replace or reduce the use of 
petroleum diesel fuel has been gaining great 
importance worldwide for its good quality exhaust, 
sustainability and biodegradability. Biodiesel as 
defined by Zhen-xing et al., (2013) is a monoalkyl 
esters of long chain fatty acids that originated from 
natural oils, fats of plants and animals and alcohols of 
lower molecular weights in the presence of catalysts 
and can be synthesized from edible and non-edible 
oils. Biodiesel is a kind of alternative for fossil fuels 
that has attracted wide attention in the world due to 
its renewability, biodegradability, nontoxicity and 
environmentally friendly benefits. Aransiola et al., 
(2014) described fossil fuels as non-renewable 
energy resources. Although, these fuels are 
contributing largely to the world energy supply, their 
production and use have raised environmental 
concerns and political debates. It has also been shown 
that 98% of carbon emissions are resulted from fossil 
fuel combustion. The world at present appears to be 
going through the worst energy crisis in history. This 
is due to the fact that a lot of countries are still 
heavily dependent on petroleum as their main source 
of energy. Demirbas (2009) noted that the only 
possible solution to this crisis is to find a sustainable 
(renewable) and economically feasible source of 
alternative energy. It was observed that there are 
many alternative energy sources such as wind, solar, 
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geothermal and biomass that fulfill the first criterion 
(sustainability) while few of these can fulfill the 
second criterion which is economic feasibility. The 
best option, fulfilling both criteria identified is 
biofuel, particularly the one that is made from readily 
available biomass feedstock (Gui et al., 2008, Lam et 
al., 2009). 
 
Considerable research efforts have been made by 
researchers in biodiesel production using different 
oils. Notable among them are: Yusuf et al., (2011) 
who reviewed the various methods for the production 
of biodiesel from vegetable oil, such as direct use and 
blending, micro-emulsion, pyrolysis and 
transesterification. Atadashi et al., (2010) reviewed 
the technologies used for the biodiesel separation and 
purification, biodiesel quality, and its effects on 
diesel engines. Biodiesel biodegradability, lubricity, 
stability, economic importance, and gaseous 
emissions were also discussed. Singh and Dipti 
(2010) reviewed the source of production and 
characterization of vegetable oils and their methyl 
ester as the substitute of the petroleum fuel and future 
possibilities of Biodiesel production. Ma et al., 
(1999) stated that Biodiesel has become more 
attractive recently because of its environmental 
benefits and fact that it is made from renewable 
resources. The raw materials being exploited 
commercially by the Biodiesel are the edible fatty 
oils derived from rapeseed, soybean, palm, 
sunflower, coconut, linseed, etc. (Ksorbitz, 1999). In 
recent years, research has been directed to explore 
plant based fuels, have bright future (Martini and 
Shell, 1998). The most commonly used oils for the 
production of Biodiesel are soybean (Freedman et al., 
1986, Noureddini and Zhu, 1997), sunflower (Antolin 
et al., 2002, Mohamed et al., 2003), palm (Darnoko 
and Cheryan, 2000), rapeseed (Kusdiana and Saka, 
2001), canola (Zou and Atkinson, 2003), cotton seed 
(Kose et al., 2002 and Jatropha (Foidl et al., 1996). 
Since the prices of edible vegetable oils are higher 
than that of diesel fuel, therefore waste vegetable oils 
and non-edible crude vegetable oils are preferred as 
potential low priced Biodiesel sources. According to 
Galadima et al., (2011) the Nigerian government has 
recently indicated commitment to biofuels production 
from local feedstock in order to reduce the country’s 
over dependence on oil and gas economy and 
establish a strong link between the downstream 
petroleum industry and agricultural activities.  
 
The opinion discrimination analysis modelling 
approach advocated in this study is predictive and 
innovative by nature in the sense that it foresees the 
imminence of process capability deterioration as well 
as the magnitude or degree of such dysfunction, and 
based on such information, adequate corrective action 
could then be taken. Literature reviewed has lucidly 
confirmed the versatility and applicability of opinion 
discrimination analytical modelling approach in 
detecting product failures generally. Examples 
include Igboanugo and Nwobi-Okoye (2012) and 
Adeleke et al., (2018).  The samples surveyed so far 
also points to the fact that opinion discrimination 
analytical modelling approach is relevant in 
enhancing product quality, reduction of wastes, 
equipment and production system’s management 
(Amiebenomo et al., 2013, Akpaka et al., 2018). The 
balance of literature on production system appears to 
offer little on opinion discrimination analytical 
modelling approach applications. Evidently, the 
current research is an attempt to create a breach in 
this knowledge frontier. The aim of this study 
therefore is to analyze some factors identified from 
relevant literature affecting the production process of 
rubber seed oil based biodiesel using opinion 
discrimination analytical modelling approach. This 
framework is believed to help deals with the 
associated problems that often occur during the 
production process of rubber seed oil based biodiesel. 
 
MATERIALS AND METHODS 
Research Design: The research method entails the 
application of survey method to gather relevant 
information required to build appropriate data matrix 
that are capable of causing a dysfunction in the 
manufacturing process of rubber seed oil based 
biodiesel. To achieve this end, extensive literature 
survey was carried out to articulate enough data. 
There were 31 variables (scale items) selected from 
the literature search to extensively cover factors 
causing manufacturing dysfunction in the production 
of rubber seed oil based biodiesel. The questions 
were carefully crafted to agitate curiosity of the 
respondents to respond positively to each of the 31 
variables. Rensis Likert’s 5-point attitudinal scale (5-
Strongly Agreed, 4-Agreed, 3-Undecided, 2-
Disagree, 1-Strongly disagree) was used in 
dimensioning the respondent’s responses, which were 
recorded in descending order of rating and were 
captured in a 100 × 31 data matrix and subsequently 
analyzed with a statistical tool known as opinion 
discrimination analysis (ODA) to obtain the 
discriminative powers (DP).  The DP values were 
plotted as bar chart as shown in figure1and 
interpretations rendered. They are segmented as 
follows: 
Lower bandwidth: 0 < &' ≤ 1.0: In this regime, the 
respondents are in total agreement on the issue 
considered. In other words there is consensuality.   
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Middle bandwidth: 1.1 <  DP ≤ 2.0: In this group, 
the respondents are fairly in agreement on the subject 
matter. 
Upper bandwidth: 2.1<DP ≤ 3.6: In this category, 
the respondents are controversial in agreement with 
what was put forth. 
Models Employed: The Two distinctive models 
employed in this research work are: (i) Rensis 
Likert’s 5-point attitudinal scale model and (ii) 
Discriminative Power Index. 
Theoretical Framework: Consider a data matrix R 
constructed with a four point Rensis Likert’s 
attitudinal scale comprising: Often (4), occasionally 
(3), rarely (2) and never (1). If "ij 0 l+ is the element 
of ith row and jth column, where aij is the response of 
the ith respondent to jth question crafted with the scale 
item and entries in R are recorded in descending 
order of aij, it follows that: 
+  ∈ R ,-.+ ≤ +∀+ 
 
Establish 4 quartiles of R, namely:, /, 0 and 
where:  
 
 ⊂ R, l =1, 2, …….4 
 
Discard / and 0and use and  to calculate 
discriminative power (DP) 
DP calculations: let the weighted average WA be 
given by:  
 
WA =  
1 23435 6
1 2356
  (1) 
 
Where r is the 4-points Rensis Likert’s attitudinal 
rating and f is the frequency of occurrence of r.  Let 
WA be weighted average in quartile 1 ,) and WA/ 
be weighted average in quartile 4 ,) . It follows 
that the DP is given by:  
 
DP = WA- WA/              (2) 
 
The theorems that underpin the foregoing 
discriminative power concept are briefly presented 
here. 
 
Theorem 1: Let R represent reordered data matrix in 
merit order of respondent’s scores. If all entries 9: ∈ 
R are entirely uniform, the resulting DP = 0, leading 
to conclusiveness or consensually or complete 
agreement.  
 





Let WA be weighted average in quartile 1 ,) and 
WA/ be weighted average in quartile 4 ,):  








  . 
Since,  = / on account of uniform entries of R, 
then WA - WA/ = 0 (infimum). 
 
Theorem 2: Let all elements of  ⊂ R be 4 and 
those of  ⊂ R be 1. Then the resulting DP is a 
Supremum leading to controvertibility.  
 
Proof: Let 9: ∈ R be uniform and consider j?@ 
question. Also let  WA be weighted average in 
quartile 1,) and  WA/ be weigthed average in 
quartile 4 ,) : 









Since  = 4/ on account of uniform entries of R, 
then WA = WA/. Therefore, DP = 3WA/ 
 
Theorem 3: Let all elements of  ⊂ R be and 
those of  ⊂ R be /where - /= 1. Then the 
resulting DP is a middling signifying 
inconclusiveness or is up in the air.  
 
Proof: Let WA be weighted average in quartile 1 
,) and WA/ be weighted average in quartile 4 ,) 
:  








   since, 
f9 = f/9 and r9 - r/9 = 1 then, 
WA/ - WA/ = 




 = 1 
 
Representation of the DP Profile: A presentation of 
the DP values on a bar chart can be seen in Figure 1, 
this highlights the DP values as bars. 
 
 



















Factors / Scale Items
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RESULTS AND DISCUSSION 
The DP-values are segmented as follows: Lower 
bandwidth: 0 < &' ≤ 1.0: In this regime, the 
respondents are in total agreement on the issue 
considered. In other words there is consensuality.   
 
Table 1: Lower bandwidth DP values of variables that affect the 





1 Reaction time 0.9 
2 Reaction Temperature 1.0 
3 Agitation speed 1.0 
5 Transesterification 1.0 
7 Mixing Intensity 0 
9 Alcohol molar ratio 1.0 
10 Purity of reactants 0.8 
16 Kinematic viscosity 0 
19 Amount of reagents 0.3 
30 Moisture level 0 
 
It was observed in Table 1 above that the DP Values 
were very low indicating that there is high level of 
agreement among respondents that these variables 
significantly affect the production of rubber seed oil 
based biodiesel. The respondents’ views were in total 
agreement on the attributions raised on reaction 
temperature effect on the yield of biodiesel. They 
agreed that higher reaction temperature increases the 
reaction rate and shortened the reaction time due to 
the reduction in viscosity of the vegetable oils. They 
also agreed that the transesterification reaction 
temperature should be below the boiling point of the 
alcohol used in order to prevent the alcohol 
evaporation. The respondents also agreed that 
agitation speed plays an important role in the 
formation of end product of biodiesel because 
agitation of oil and catalyst mixture is what enhances 
the reaction. They agreed that the higher the speed of 
agitation or stirring, the higher the yield of biodiesel 
produced and lower stirring speed result in lower 
biodiesel product formation. Thus the respondent’s 
responses were in harmony with all opinion hence the 
low DP value. On transesterification, the respondents 
acclaimed that the use of neat vegetable oils in 
engines was possible, with some minor modifications 
in the fuel system. They affirmed that in long-term 
operation, vegetable oils could cause gum 
development because of their high viscosity. Other 
difficulties that were highlighted with the use of 
vegetable oils include formation of injector deposits, 
ring sticking etc. Solution to the problem of high 
viscosity of vegetable oils had been approached by 
using the method of transesterification.  The 
respondents said transesterification is the best method 
among other approaches due to its low cost and 
simplicity. This process was the common way to 
produce biodiesel from vegetable oils. They said that 
transesterification process helped to reduce the 
viscosity of the oil making it applicable as fuel in 
compression ignition diesel engines. Respondent 
views on mixing intensity were unanimous. They 
opined that oils and alcohols which were the 
reactants used for biodiesel production was not 
totally miscible. So they posited that mixing was very 
important in the transesterification process to 
promote contact between these two feed stocks to 
ensure good and uniform mixing resulting in good 
quality diesel. Respondent views on oil molar ratio 
were congruent. They said that oil molar ratio refers 
to the average molecular weight of oil in the 
transesterification reaction for the production of 
biodiesel. They were undivided on the issue raised 
and said it could affect the conversion efficiency 
leading to good quality yield of biodiesel. 
 
The respondents were also unanimous and consistent 
in their decisions on the effect of kinematic viscosity, 
amount of reagents, moisture level as well as purity 
of reactants in biodiesel production.  
 
Middle bandwidth: 1.1 <  DP ≤ 2.0: In this group, 
the respondents are fairly in agreement on the subject 
matter. 
Table 2: Middle bandwidth DP values of variables that affect the 
production of rubber seed oil based biodiesel. 
Variable 
Number 
 Description DP 
Value 
12 Physicochemical properties 1.4 
13 Thermal cracking (Pyrolysis) 2.0 
17 Oxidative stability 2.0 
18 Induction time 1.2 
20 Type of reagents 1.3 
22 Oil price 1.6 
23 Reaction rate  2.0 
24 Oil availability 1.6 
26 Storage time 1.1 
27 Oil type  1.6 
28 Production  method 2.0 
29 Storage conditions 1.8 
31 Order of reaction  1.8 
 
In table 2 shown above, the respondents are fairly in 
agreement with certain attributions made concerning 
these variables. The decisions reached about this 
cluster are therefore considered fairly conclusive. We 
can say that the DP value resulting is middling; 
signify inconclusiveness or middle of the road 
difference. The reason for this is evident in Theorem 
3. The respondent views under this regime were open 
to doubt on the physicochemical properties, type of 
reagents, production method, reaction rate, order of 
reaction as well as storage conditions effect on 
biodiesel production. Their responses concerning the 
issues raised were debatable hence the middling DP 
value. 
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Upper bandwidth: 2.1<DP ≤ 3.6: In this category, 
the respondents are controversial in agreement with 
what was put forth. 
 
Table 3: Upper bandwidth DP values of variables that affect the 





4 Catalyst concentration 3.6 
6 Type of catalyst 3.4 
8 Oil molar ratio 2.4 
11 Moisture content 2.1 
14 Free fatty acid 2.2 




25 Geographical location 3.2 
 
Under this regime as shown in table 3 the DP values 
are high. The variables clustered therein are relatively 
controversial. This is because the respondents were 
weakly in agreement with the attributions made 
concerning the variables that clustered in this regime. 
This however showed a case of controvertibility and 
the reason for this is discussed in Theorem 2. 
Respondents under this cluster share diverse views on 
catalyst concentration, type of catalyst, oil molar 
ratio, free fatty acid, density, geographical location 
and moisture content as they affect the production of 
biodiesel. While some argue about the variables 
having a significant influence on the biodiesel, others 
have a divergent view on the same matter. At the 
onset it was claimed that opinion discrimination 
analytical modelling tool can deal with the problem 
capable of causing a dysfunction in the production 
process of rubber seed oil based biodiesel. The DP-
values obtained during this research have enabled us 
to appreciate the main factors to blame for the 
manufacturing dysfunction in biodiesel production. 
In particular, their relative influence is indicative of 
the magnitude of the DP-values. This is also a 
manager’s guide to action. 
 
Conclusion: The result obtained from this study 
shows that the opinion discrimination analytical tool 
employed using DP-values, has been helpful in 
dealing with manufacturing dysfunction in the 
production process of rubber seed oil based biodiesel 
common in small and medium scale enterprises 
especially in developing countries where 
manufacturing functions are stymied by economic 
depression. Investigation made through this study 
also revealed that it takes a substantial amount of 
insight, ability, and experience to establish individual 
and collective actions of factors that influence rubber 
seed oil based alkyd resin production process. Again, 
the modelling approach employed had been shown to 
possess inherent properties for predicting imminence 
of process capability deterioration. Finally, the theory 
underpinning the discriminative power index is also 
developed and demonstrated.  
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